Q. Could you tell us a little about the latest research in organoids and biomimetic platforms in precision medicine?
Precision medicine aims to utilize information about a patient's tumor, including gene alterations that may aid in the identification of effective therapies. 1 Recent advances have allowed researchers to combine genomic analysis with ex vivo drug screens. The opportunity to develop preclinical models that retain the tumor's basic characteristics provides a platform for biomarker discovery and highthroughput drug screening. Patient-derived tumor xenografts have emerged as powerful systems to study many cancer types by growing tumor cells in immunocompromised mice. Advances in this area have focused on trying to improve engraftment rates and introduce the patient's own immune cells. 2 For more rapid and less costly screens, the patient's tumor cells are now also cultured in the laboratory in 3D as organoids, allowing us to screen thousands of candidate drugs and drug combinations that have the potential to be used in the clinic. 3 The future of personalized medicine resides in being able to incorporate cells of the microenvironment in state-of-the-art biomimetic platforms. This method of screening will better account for the influence of the cells that are adjacent to the tumor, known to influence the growth of cancers and their response to treatment. 4
Q. What role may artificial intelligence play in precision medicine?
Analysis of large data sets is a major driver in the development of precision medicine. Transforming big data into clinically-actionable knowledge can be a tedious process, requiring specialized personnel and efficient computational methods. Artificial intelligence (AI) and more specifically machine learning (ML) can play a key role in providing clinicians with faster access to medical data (Precision Medicine Knowledge Base AI Bot -WCM/NYP collaboration with Microsoft), 5 better diagnostic tools, 6, 7 and drug discovery methods. 8 Furthermore, integrating precision medicine data into electronic health records (EHRs) 9 and applying AI and ML methods to EHRs will allow clinicians to better match patients to novel targeted therapies by exploiting the molecular vulnerabilities of their disease. 
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Q. How can we address the challenges related to security and privacy with personal health information?
In an era characterized by data breaches and the inappropriate sharing of personal information online, it is increasingly important to ensure that patient health and privacy information is adequately protected. Adhering to Health Insurance Portability and Accountability Act (HIPAA) guidelines and adopting the latest security standards is a great first step to ensure that both security and privacy with personal health information are protected.
Building on top of HIPAA, the National Institute of Health's All of Us
Research Program 10 (formerly known as Precision Medicine Initiative) has established the PMI Privacy and Trust Principles
11 and the PMI Data Security Policy Principles and Framework. 12 These principles promote transparency, respect of participant preferences, and describe in detail how data are shared, accessed, used, and how data quality and integrity is maintained. Furthermore, they outline how to protect, detect, respond to, and recover from a malicious attack from a third-party actor.
Q. What have neoadjuvant endocrine therapy studies taught us about the role of precision medicine in breast cancer?
Neoadjuvant endocrine therapy provides a unique opportunity to study Advances in genetic sequencing analysis are helping to illuminate the prevalence of intra-tumor heterogeneity, which allows us to answer compelling high priority clinical questions. Intra-tumor heterogeneity refers to cellular diversity attributed to genetic and epigenetic factors, and to nonhereditary adaptive responses to selective pressures through the dynamic evolution of cancerous clones. Intra-tumor heterogeneity poses significant challenges and rationalizes differences in response to treatment. 16 Precision medicine aims to decode the intra-tumor heterogeneity. 16 The opportunity to define and re-define the molecular signature of a given tumor at multiple time points along its evolutionary lineage enables an understanding of the clonal evolution of tumors. Beyond untreated tumors, the ability to perform whole exome sequencing and clonality analysis of metastatic tumors is crucial to detect potentially actionable mutagenic divergence due to dynamic clonal evolution through the natural course of the tumor and treatment effect. The recent development of single-cell sequencing tools allows the transcriptomes of thousands of cells to be processed simultaneously in order to identify subpopulations of cells and provide functional insights. 17, 18 Understanding how tumors that are inherently chemoresistant and hard wired to migrate and invade as well as treatment influence in directing the evolution of different subclones is a compelling question with significant clinical implications, and its answer will allow therapy to be tailored to a changing tumor and its microenvironment. In this setting we clinicians work very closely with our scientist colleagues at the Englander Institute of Precision Medicine at Weill Cornell (https://eipm.weill.cornell.edu). q
